Background: Negative Pressure Pulmonary Edema (NPPE) is an uncommon, but well recognized clinical entity that continues to be reported as a complication of upper airway obstructions during induction or emergence. It results from the negative intrathoracic pressure generated with spontaneous ventilation with concurrent upper airway obstruction. Aim: To present an unusual case of NPPE and review the pathophysiology and treatment. Case: It usually occurs in young healthy athletic adults. We are reporting NPPE in a nine-month-old ex-premature baby. We discuss his intraoperative events leading to NPPE, subsequent intraoperative course and treatment. Conclusion: NPPE needs to be promptly recognized and treated. If the edema resolves, the patient can be successfully extubated, but should be observed overnight.
Introduction
Negative Pressure Pulmonary Edema (NPPE) is an uncommon complication that can occur during induction of anesthesia, but usually occurs during emergence after extubation. Although NPPE is an uncommon complication, it is still a well recognized clinical entity that results from the negative intrathoracic pressure generated with spontaneous ventilation with concurrent upper airway obstruction [1] . The pulmonary edema results from either "pulling" of fluids from the pulmonary capillary bed into the alveoli or injury to the pulmonary microvascular membranes from severe mechanical stress that results in capillary "leaking" of fluid. NPPE develops after the relief of acute upper airway obstruction caused by epiglottitis, tumors, obesity, hiccups, obstructive sleep apnea, or mediastinal masses [2] . Additionally, it can be caused by laryngospasm during induction or following extubation. Desaturation results from ventilation and perfusion difficulties (V/Q mismatching) and/or shunting. This frequently requires reintubation and temporary ventilatory support. Our aim is to briefly review the pathophysiology and our treatment of NPPE.
Case Report
A 32-week ex-premature baby boy with a history of an uneventful 2-week NICU stay, now 9 months old who presented for first stage hypospadias repair with a buccal graft. Patient was an ASA 2, 7.7 kg, 27 inches with no surgical or past medical history other than prematurity. There was no family history of complication with anesthesia. He had NDKA, was not on any medications and his physical exam was unremarkable with a normal appearing airway.
Intraoperative
Anesthesia was induced via mask with 8% sevoflurane. After IV cannulation of the left saphenous vein, the patient received 40 mcg (5 mcg/kg) of fentanyl and 5 mg of rocuronium. The patient was easily intubated with a 3.5 cuffed tube and the cuff was sealed at 25 cm H 2 O. The tube was secured at 12 cm and the patient had bilateral breath sounds. The case proceeded uneventfully for the next 4 hrs. At the end of the case a caudal block was placed and muscle relaxation was reversed. The patient was fully awake when the ET-tube was removed. The patient coughed out the oral airway and on the next breath went into severe laryngospasm, followed by desaturation. Positive pressure via the mask was initiated while the resident was instructed to push 10 mg succinylcholine and 10 mg propofol along with atropine 120 mcg. Despite adequate ventilation on 100% O 2 , the saturation did not go above 92%. The patient was re-intubated with another 3.5 cuffed tube at which point copious amounts of pink froth was coming out of the ET-tube, confirming NPPE. The patient remained intubated in the OR for the next hour, on 6 of PEEP and 60 -70 ml tidal volume. The ET-tube was suctioned several times during the next hour, and toward the end the froth secretions resolved. His O 2 saturations improved significantly.
Postoperative Course
The patient remained intubated in the OR for the next hour, on 6 cm H 2 O of PEEP and 60 -70 ml tidal volume. The ET-tube was suctioned several times during the next hour, and toward the end the froth excretions disappeared and he was spontaneously breathing. He was successfully and uneventfully extubated approximately 1 hour after re-intubation.
He was transferred to the PACU where vital signs remained stable. He was transferred to the PICU for observation. A chest X-ray 5.5 hours after the event was unremarkable. The patient remained stable overnight and O 2 saturations were 100% on room air. The patient was discharged the next day. He returned for the second stage hypospadias repair approximately 6 months later. The second stage hypospadias repair proceeded uneventfully and he was extubated without problems.
Discussion
The pathogenesis of Negative Pressure Pulmonary Edema is related to the development of high negative intrapleural pressure by vigorous inspiratory efforts against an obstructed upper airway [3] . The etiology and risk factors are listed in Table 1 . High negative intrathoracic pressures cause significant fluid shifts from the alveolar capillaries into the alveoli. The negative intrathoracic pressure can result in an increased venous return, which may augment the pulmonary capillary hydrostatic pressures [4] . Additionally, it is believed that there is disruption of the alveolar epithelium and pulmonary capillary membranes, leading to increased permeability and protein-rich pulmonary edema.
The treatment of NPPE on extubation is to maintain a patent upper airway with jaw thrust, CPAP or Pressure Support, and administer supplemental oxygen in order to maintain adequate tissue oxygenation [5] . The differential diagnoses for perioperative hypoxemia are listed in Table 2 . In our case, it was easily and quickly recognized. The desaturation was swift, although we were quickly able to adequately ventilate the patient, his saturation remained suboptimal; therefore re-intubation was performed. Analogous to our case, in severe cases re-intubation is required [6] . Ventilation mode should be similar to the mode used during Acute Lung Injury: small tidal volume. Patients should be admitted for observation. These cases usually resolve without additional problems; 
Conclusion
NPPE needs to be promptly recognized and treated. When no froth is obtained by suctioning the endotracheal tube, the patient can be successfully extubated. However, we recommend observing the patient overnight even if they maintain good oxygenation without desaturation in the post anesthesia care unit.
